INTRODUCTION
Coronary Artery Disease causes about two million deaths per year in India. CAD rates in urban India are now four-fold higher than in the United States. CAD rates are two to four times higher at all ages among Indians worldwide and five to ten times higher in those < 40 years of age [1] .
One of the major risk factors of CAD is dyslipidaemia [2] , which is routinely assessed by lipid profile. It is a well-known fact that HDL-C is cardio-protective. However, CAD occurs even in patients with normal HDL-C levels [3] . HDL, being the major storehouse of APO-A1, possesses an array of anti-inflammatory functions. Reverse Cholesterol Transport (RCT) is the major mechanism by which HDL prevents the formation of oxidized LDL [4] .In addition, Apo-A1 inhibits the production of TNF-α and IL-1β, thus preventing the activation of monocytes [5] .
In CAD, Apo-A1 is replaced by Serum Amyloid A, an acute phase reactant. This leads to concomitant loss of Apo-A1 [6] , and a decrease in the density of HDL, and an increase in the HDL particle size [7] . Detoxification of Homocysteine thiolactone, a pro-atherogenic compound [10] Serum PON-1 activity directly correlates with the amount of stearic acid and dihomo-gamma-linolenic acid(DGLA) present in Apoprotein-A1 and phospholipids in HDL. These are saturated fatty acids. Any alteration in the fatty acid composition of HDL leads to a decrease in serum PON-1 activity [11] .
Alteration of the fatty acid content of HDL leads to structural changes in the HDL molecule, including changes in its size and zeta potential. This leads to decreased paraoxonase-1 activity, by altering the phospholipid composition of HDL [11] . Loss of Apo-A1 content of HDL is the mainstay in the development of atherosclerosis with reference to HDL. Hence our attention has to shift towards determining the qualitative aspects of HDL in order to reduce the risk of CAD.
HDL size and composition vary among individuals and may be associated with cardiovascular disease and diabetes [12] . Since determination of HDL particle size by NMR spectroscopy does not prove cost effective, measurement of APO-A1 along with the routine lipid profile provides a simple way to determine the quality of the HDL particle. HDL-C/ApoA-I ratio could be a readily available biomarker for estimating HDL size [12] .
Theoretically, a quasilinear increase in HDL size with HDL-C/APO-A1 ratio exists whereas experimentally determined results using NMR spectroscopy reveal HDL size increases proportionately with HDL-C/APO-A1 ratio [12] . The HDL particle size can be delineated from the formula:
HDL MEAN PARTICLE SIZE=4.66nm+12.31(HDL-C/APO-A1)
The purpose of our study is to determine the efficacy of HDL particle size as a diagnostic tool in CAD, even in patients with normal HDL-C levels.
Therapeutic normalization of the quantity, quality and biological activities of HDL particles represents a novel approach to attenuating atherosclerosis in CAD.
The aim of the study is to determine the HDL particle size in CAD patients from the HDL-C/APO-A1 ratio and assess its correlation with PON1 activity.
MATERIALS AND METHODS
This case-control study conducted in the Departments of Biochemistry and Cardiology of Govt. Kilpauk Medical College, Chennai-10 comprised of 50 known cases of CAD and 50 healthy persons who were age and sex matched.
For the above case control study, sample size was calculated using the formula in open-epi software and the power of the study was obtained to be 90% with a confidence interval of 95%. The number of subjects needed is 49 in each group.
The reference for the above was obtained by conducting a pilot study from which the mean HDL particle size in CAD patients was found to be 10.85nm and in controls was found to be 9.12nm, resulting in a difference of 1.73nm and a standard deviation of 3. Using the formula from open-epi software, the sample size was found to be 49 in each group.
The exclusion criteria were known cases of hypothyroidism, alcoholics and smokers as these states were known to influence the parameters of the study.
The Institutional Ethics Committee of Govt. Kilpauk Medical College, Chennai-10, approved the study.5ml of random venous sample was drawn from the antecubital vein under aseptic conditions after obtaining informed consent from all the study participants. Serum was separated after centrifugation and aliquoted into eppendorfs to be stored in -20 C until further analysis. Biochemical analysis was performed in Autora -random access chemistry analyser with kits from Spinreact. HDL, LDL cholesterol levels (spinreact kits) & Apo -A1 were assayed by direct methods using immunoturbidimetry principle ( biosystems kits) . Serum PON-1 activity was estimated spectrophotometrically using Paraoxon (0, 0-diethyl-0, 4-nitro phenyl phosphate) as the substrate for hydrolysis [13] . The absorbance was monitored at 405nm. One unit (1 U) of PON activity was defined as 1 micromole of p-NP formed per minute per litre at 25 degree Celsius and the activity was expressed as U/L of serum.
All biochemical analysis were performed after calibration with calibrators from Roche using level 1 and level 2 and assessed by controls from Bio-rad using both levels 1 and 3. PON activity was standardised and pooled sera was used for precision analysis. Statistical analysis were performed using SPSS package version17. The results were computed with mean and Sd and p value of <0.05 was considered significant for 95 % Confidence interval.
RESULTS
This case-control study revealed the mean age of cases to be 56.980 years and those of controls as 54.320 years (p = 0.168). The percentage of males in cases and controls were 56% and females in cases and controls were 44%, revealing that they are matched for age and sex. Mean HDL particle size of cases was 10.168nm which was higher than controls (9.04 nm, p=0.006). Mean Paraoxonase-1 activity was decreased in cases as compared to controls (233.535 IU/L vs 336.015 IU/L p= .017). (Table No: 1). Apo lipoprotein A1 levels were lower in cases as compared to controls (113.248 mg/dl vs 116.418 mg/dl). The diagnostic performance of HDL particle size, or the accuracy of the same to discriminate diseased cases from normal cases is evaluated using Receiver Operating Characteristic (ROC) curve analysis .ROC of HDL particle size revealed that particle size >9.554 nm was a strong predictor for development of CAD with a specificity of 92% and sensitivity of 80% Area under the curve was 0.933200 with 95% Confidence interval between 0.865175 to 0.973436 and Significance level P (Area=0.5)<0.0001 Correlation of Apolipoprotein-A1 with Paraoxonase-1 activity revealed a positive correlation in cases with a p value of 0.007. The mean values of total cholesterol, triglycerides, LDL-C and VLDL-C were lower in cases (206.9648 mg/dl , 161.7420 mg/dl ,94.5088mg/dl & 31.86 mg/ dl respectively ) than controls (237.105 mg/dl , 175.338 mg/dl , 120.532 mg/dl & 34.580 mg/dl respectively ) while HDL-C (50.2184 mg/dl vs 41.4374 mg/dl) was higher in cases as against controls (Table No: 2). 
TableNo1. Parameters for Qualitative assessment of HDL

DISCUSSION
Globally, CAD is the leading cause of death and is predicted to remain so for the next 20 years [14] . The risk of CAD in Indians is 3-4 times higher than White Americans, 6-times higher than Chinese, and 20-times higher than Japanese [15, 16] . Indians are prone as a community to CAD at a much younger age [17, 18] . The prevalence of CAD is two-times higher (10%) in urban than in rural India. South Indians have higher prevalence, 7% in rural and 14% in urban areas [19, 20] .
In the present study the Total cholesterol and LDL-C values were found to be decreased in cases than in controls, whereas HDL-C levels were raised in cases as compared to controls.
This altered lipid profile in cases, is a consequence of statin therapy in CAD cases, as statins effectively lower the cholesterol and LDL levels. The various mechanisms by which statins exert their action is highlighted in the study, -The lipid and non-lipid effects of statins‖ by Wierzbicki AS et.al. [21] .
According to the Framingham Heart Study, the risk of atherosclerotic disease is inversely related to blood levels of HDL-C. The lower the HDL-C levels, the greater the risk. The risk of CAD is increased by approximately 3% in women and 2% in men for each decrement of 1mg/dl of HDL-C. HDL-C provides as an individual predictor of CAD, independent of LDL-C. Even in patients with normal LDL-C levels, low HDL-C can be of diagnostic value [22] .
However, continuing debates exist as to whether the effects of statins on HDL-C are clinically beneficial. MJ Chapman has questioned the benefits of statins on HDL-C in his study--Are the effects of statins on HDL-cholesterol clinically relevant?‖ Moreover, it is still under contemplation whether very high levels of HDL-C is actually anti inflammatory [23] .
The earliest study supporting this hypothesis was done by Van Lenten et.al. who reported that the acute phase response converted HDL from anti-inflammatory to proinflammatory. Hence even very high HDL-C levels can become deleterious to the patient. It is suggested that at very high levels, HDL can become a cholesterol donor instead of an acceptor. Hence the entire basis of the anti-oxidative capacity is lost and it becomes proatherogenic [23] .
During an acute phase response, there is marked elevation in Serum Amyloid A (SAA) in HDL, which displaces Apo-A1 from its site. This leads to concomitant loss of Apo-A1. As Apo-A1 containing HDL exhibits the maximum LCAT activity, replacement by SAA inhibits LCAT activity and suppresses cholesterol efflux from peripheral cells.
SAA, in addition, enhances HDL binding to proteoglycans, promotes HDL immobilization in the arterial wall and accelerates its clearance from the circulation.
Also, the levels of ceruloplasmin, another acute phase reactant, were found to be elevated in Acute Phase HDL (AP-HDL) than in normal HDL. Ceruloplasmin stimulates LDL-induced monocyte adhesion in the arterial wall, and renders HDL non-protective [24] . The study by Khovidhunkit et.al. describes the various changes taking place in the HDL particle in a setting of inflammation. When this inflammation is not able to repair the injury, persistent changes in the lipoprotein molecule occurs and the event turns towards chronicity. Hence the HDL lipid composition is severely altered in CAD [25] .
As the original components of HDL are being reduced, the HDL triglyceride content keeps on increasing. The triglyceride-enriched HDL also impairs the cholesteryl ester delivery to hepatic cells, thus redirecting cholesterol to the macrophages. The current study revealed reduced Apolipoprotein-A1 levels in cases as compared to controls, though not statistically significant. This accounts for the reduced anti-oxidative capacity of HDL in an inflammatory setting. Apoprotein-A1 is the major protein determining the density as well as the helicity of HDL, as described by Thomas Ellis Grow in his paper titled ‗Lipoprotein Structure: Apoprotein Interactions in Human Plasma High Density Lipoproteins' [25] . According to Hansel et.al. , the anti-oxidative activity is more potent in small, dense HDL-3 than large, light HDL-2. Decrease in the lipid content of HDL is thought to increase its capacity to remove cellular cholesterol; small, lipid-poor HDL particles thus represent more efficient cholesterol acceptors than their large, lipid-rich counterparts [26] . The HDL particle size was calculated using the HDL-C/Apo-A1 ratio and the particle size was found to be increased in cases as compared to controls. This can be correlated with the reduced Apo-A1 levels in CAD, which leads to an increase in HDL-C/APO-A1 ratio, and thereby an increase in HDL particle size. A study by Scanu et.al. published as early as 1975 describes the inverse relationship between the size and density of lipoproteins [7] . Increase in triglyceride content as well as decrease in Apo-A1 leads to an increase in HDL mean particle size in CAD patients. Although this is contrary to many other studies which state that the HDL particle size decreases in CAD, the IDEAL and EPIC-NORFOLK studies were one of the first to state an increase in HDL particle size in CAD [27] . In CAD, there is a quantitative decrease in Apo-A1 content of HDL [24] , in addition to a decrease in HDL-C. However, the decrease in Apo-A1 content is not proportionate to the decrease in HDL-C. Hence there is an increase in the HDL-C/APO-A1 ratio which leads to an increase in HDL particle size [22] . Increase in HDL particle size is associated with a decrease in the anti-oxidative capacity of HDL, which, in part, is mediated by paraoxonase-1. Serum Paraoxonase-1 activity was assayed and it was found to be decreased in cases as compared to controls. This can be attributed to the reduced levels of Apo-A1, which contains an enormous amount of fatty acids. A major part of the anti-oxidative effects of HDL is mediated by the enzyme Paraoxonase-1, a calcium-dependent esterase, synthesized in the liver. Presence of phospholipids and apoprotein-A1 is necessary for release of the enzyme from the liver. Hence, more than 95% of PON-1 synthesized is associated with HDL in the circulation [28] . Watson et.al.is the first to document an effect of Paraoxonase on oxidatively modified lipoproteins. PON1 has been demonstrated to destruct oxidized phospholipids in LDL, derived from arachidonic acid. Another major function of PON1 is inhibition of HDL oxidation by a peroxidase-like activity.
Oxidative stress leads to an impairment of cholesterol efflux and RCT by HDL. Thus PON1 preserves the antiatherogenic activity of HDL [9] . PON1 confers protection from CAD by yet another mechanism, by causing degradation of Homocysteine Thiolactone, a pro-atherogenic compound. Hyperhomocysteinemia is an independent risk factor for CAD. Homocysteine thiolactone is the reactive anhydride of homocysteine that interacts with LDL, causing aggregation, increased density, and uptake by vascular macrophages to form foam cells. PON1 causes detoxification of Homocysteine Thiolactone in human blood, thereby reducing its proatherogenic effects [10] .
It has been found that palmitic acid is the major fatty acid present in HDL. According to Boshtam et.al. , serum paraoxonase activity directly correlates with the amount of saturated fatty acids like stearic acid and dihomo-gamma-linolenic acid (DGLA) present in HDL [11] .These fatty acids are present in the phospholipids and apolipoproteins found in HDL. A study by Razavi et.al. states that smaller HDL has a higher proportion of saturated fatty acids [29] .Hence PON1 activity is more pronounced in small dense HDL rather than larger HDL particles.
Apoprotein-A1 is necessary for maintaining the normal helicity of HDL. Increase in HDL particle size is associated with loss of apoprotein-A1, which is made up of saturated fatty acids. Alteration of the fatty acid content of HDL leads to structural changes in the HDL molecule, including changes in its size and zeta potential. This leads to decreased paraoxonase-1 activity, by altering the phospholipid composition of HDL [11] .
Loss of Apo-A1 content of HDL is the mainstay in the development of atherosclerosis with reference to HDL. Hence our attention has to shift towards determining the qualitative aspects of HDL in order to reduce the risk of CAD.
As Apo-A1 is necessary for virtually every process involved in the release as well as functions of HDL, reduction in Apo-A1 level causes an array of dysfunctions in the functions of PON-1. It can either interfere with the release of PON-1 from liver or with the stability of the enzyme within the HDL particle. Apo-A1 is absolutely necessary for PON-1 activity, as described by Deakin et.al. in his study [28] .
A positive correlation was found between Apo-A1 and Paraoxonase-1 activity in cases. This finding is in accordance with the fact that Apo-A1 is necessary for the normal functioning of PON-1.
An inverse relationship exists between HDL particle size and PON-1 activity through APO-A1. Thus apoprotein-A1 is the major crux around which the anti-inflammatory and anti-oxidative functions of HDL and PON-1 revolve.
Receiving Operating Characteristic (ROC ) curve of HDL particle size reaffirms the fact that particle size optimum cut off value >9.554 is a major predictor for development of CAD with a sensitivity of 80%,Specificity 92% &Area Under curve(AUC) is 0.9332.This case controlled study, found an increase in HDL particle size and a reduction in PON-1 activity in CAD patients as compared to controls.
Therapy with statins must be re-considered since it has a wide array of side effects with limited benefits. Rather than looking towards normalizing the levels of HDL-C alone, our attention has to shift towards normalizing the qualitative aspects of HDl, namely the HDL particle size.
Moreover, assessment of Apo-A1 along with the routine lipid profile provides a very cheap and easy tool to calculate the HDL particle size. By this way, the risk of CAD can be predicted even in persons with normal/very high HDL-C levels.
CONCLUSION
This study high lights the significance of HDL particle size in assessing its function, as anti-oxidant function is better with smaller HDL reinforced by PON-1 activity which is higher in smaller HDL as compared to larger HDL molecules. In patients with normal or high HDL levels, attention is to be drawn on the qualitative aspects of HDL like particle size and anti-oxidant function as assessed by PON -1 activity which can serve as better predicators of risk assessment rather the concentration of HDL alone.
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